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APPENDIX M: OBPR Implementation Analysis

REMAP Implementation

Analysis

May 16, 2002

REMAP Iimplementation Assessment
Objectives

+ To provide the REMAP Task Force with analytical information which
addresses how the REMAP prioritization of OBPR research can be
accommodated by the US Core Complete configuration (per the
Terms of Reference) and enhancements to the ISS beyond US Core
Complete

+ The intent of this implementation analysis is not to influence the
REMAP prioritization but to enable the Task Force to focus their
recommendations
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Appendix M: OBPR Implementation Analysis

Considerations for the Task Force

9

This briefing highlights the implications that the prioritized research
has on critical |SS resources.

The task force may want to consider the following questions over
the course of this briefing:

¥ (aven a sigmhicant number of "Prionty 17 research areas, the task torce may want
to consider the cxtent to which these high priority research areas can be further
stratified, diven scientific ment, impact to broader community, relevance to
MASA s mission, et

¥ zapven MAZA s commitment to "science-driven decisions,” 15 there a message that
the rask force wanrs o send regarding the science requiremeants o be levied on
the 133, and the order andfor timeframe in which those reguirement should e
addressed?

¥ Given the science prionties, does the task force see gaps in OBPR plans for
research hardware development?

¥ Given near term |55 constraints, the task farce may want ta consider if there are
research areas within the "Prionity 17 family that should take precedence, at least
for Lhe near lerm,

B Does e Lask force wanl o make any stalement regarding Inlsmational Parlne:
capatilities as they relate to MASA s abiliby to address the science pnontiesy

iS5 Research Maximization and Prioritization implementation
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Appendix M: OBPR Implementation Analysis

Research Racks

Multidiscipline Racks Lab Support Specialized Discipline
Facks Facks

—

SONVOVORT W=

|

EXPRESS Treerer (1 rack) Human Besearch {2}
3 of & racks currently on Cilowehoxes (7 racks) Caombustion and Fluds (2)
33 bdaterials (1}

Fundamental Biology (2)

IS5 Research Maximization and Prioritization

Laboratory Science - Rack Locations
5 11 % L aharatary "'.;:;_“;;5
Colunlyus Japenese Expeniment Module [
s Lahoratory Centrifuge Accommodations Module 4
Coluloes Mibilal Facilily 5 (+l)
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6

i8S Research Maximization and Prioritization Wn

Historical NASA ISS Utilization
Allocations

Allocations of Research Capabhility

Biwash umaulicy &
Fundamental Biology - 30%

Phwsical Science - 30%

Commercial
Development - 30%

External Un-Pressurized Allocations

B&PR - 5%

Space Sclence 25%

Earth Science - 20%

SO=m0o00oT OO

Spaace Flight - 25%
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IS5 Research Maximizstion and Prioritization hmbmm.n

Hardware Relationship to Research
Areas
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155 Research Maximization and Prioritization Implementation

- Research in any one area can be performed to differing degrees; in

« Three levels of research used for this analysis

- Research requirements were defined per increment.

Research Area Reguirements

order to bound the resulting range of requirements, various levels of
research were defined and requirements estimated for each level.

v Viable - A minimal level of research below which "its jusr nat worth doing”
This level will represent a minimum hardwara and resource reguiremsnt.

+ Nominal- A level of research activity which will fully address the goals and
gueslions wilhin the research area. This level should nol be constraimsd by
any perception of resaurce constraints

¥ Anincrement on I35 begins with the arrival of a new crewwr and encds when
they return fo Farth
v Current plan is for 2 incremants per year (180 days per increment)
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IS5 Research Maximization and Prioritization implementation

Critical Resources for ISS Research

* Crew tirme. Time that the |53 crew spends on research
related activities

+ Resupply upmass. Mass delivered to the |SS for payload /
experiment operations

- Powered middeck lockers: Containers provided by the
Shuttle for delivering perishable samples or material that
must be loaded shortly before launch
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B

Integrated Requirements to Perform
OBPR Research

: %
£ 8 - Assumptions
s ¥ Perform 15t and 2nd Prorties at nominal Level
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research per merement 1
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Hardware GConstraints on Initiating
Priority Research

Faruh) Ragswwreh Ptr{ o I 2 | apn [ ol k] I 20 | amr [ o ] 2urs
Radiation | lealth

Fireiamanral | amg
FInaies, SiraeTar

Fluld srahiimy . Dny

Thermnin- P sheal,
Playsis- Clisiizal
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i85 Research Maximization and Prioritization

Research Hardware Observations

- Planned hardware that is critical only for lower priority research areas (<3):
¥ Bilotechnology | acility {2 racks)

+ Hardware that is not currently funded:

+ Plant and Rodent habitats critical for full research in two Pricrity 1 research
areas;

» Cellular and Molecular Biology f Molecular Structures and Interactions
= Organismal f Comparative Bioloay

v Materials Science Research Racks 2 & 3 critical for full research in two Priority 1
research areas;

* Phase Transformation
® Power and Propulsion

v Combustion Integrated Rack critical for research in some elements of
Fundamental Laws research area (Priority 1)

v Advanced Human Supporl Technology rack critical for full ressarch in bao
Priority 1 research areas

= Environmental Monitoring and Control
= Advanced Life Support

TONOOVOT W=

ISE Research Maximizstion and Prioritization
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158 Research Maximization and Pricritization implementation

Research Hardware Provided by
International Partners

« A majority of Priority 1 Research areas anticipate use of International
Partner-pravided hardware
< Japan
Foocniriruge Hotor, Contifugc Accommodations Modulc & Life Soicnoes Closchox
= Aguatic Habitat
' Canada
¥ Inaect Hahitat
+ European Space Agency
*> Force Cnnamometers
Percutaneous Electrical Muscle Stimulator
Muscle Atrophy Rescanch and Bxereise Systom
Pulmonary Function System
Fluid Sclence Laporatory
Electrostatic Levitator
¥ Elcctromagnetic Lovitator
© Germany
¥ Bye Tracking Device
* Lower Doy Negatiee Pressure Device
« France
= DECUIC (Crilical Phenumerna Experimenldl Appardlos)
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{58 Research Maximizstion and Prioritization implementation

External Attached Payloads

+ Two research areas plan to use research payloads that are altached fo
the ISS outside of the laboratory modules
v OCondensed Mallsr (100% of research content)
¥ Fundamental Lawes (S0'% ot research cantent)

+ An additional major external research payload, the Alpha Magnetic
Spectrometer, is in development
v IManagemenl assigned o OBPR, bul nol integrated into the Physical Sciences
pricnties
¥ Fxpeacted launch date --2006

« These payloads are not factored into the following assessment, but in
general represent competition for outfitting the lahoratories with research
hardware
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155 Research Maximization and Pricritization ."mpfammrﬂion

1SS Configurations Considered

= Thl":': l.'u:lﬁgm‘al,imw WeIe d-crl[l':d fm' u:l': PuIposc Urbuu[ldi]lg u:ll: rangec Uf
implementation possibilitics.

+ Thas ussessinent locused on the sieady slule operabions lor these conligurations.

Configuration Description Labs on Orbit Crew Time
Available for All
Research
U.s. Core Build through US Lab (12 rescarch 20 hours per
Completa Mode 2 racks) wizek
(2004) (40 hrs also
evaluated)
ISS Core Hunld throdgh L5 Lab {13 racks) 20 haurs per
Complete Canbrifuge Japanese Lab (5 racks) | week
(2007/2008) Accommodaons | e g | ab (5 racks) | (40 hrs also
Module [CAM) CAM (4 racks) evaluated)
Enhanced Euild rhrodgh LIS Lab (13 racks) 161
CAM :Add"liu”'d' Japanese Lah (5 racks)
(,re.w, JIJ.FIDOTT European Lab (5 racks)
Syslams
CAN {4 racks)

_©

0w

IS8 Research Maximization and Pricritization l‘mpimmﬂlim
TORNOLOD

Crew Time

Distribution of Crew Activities

standard erew day template
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% Fuarcios \‘\.\ FlaniProcadurs
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IS5 Research Maximization and Prioritization Mﬂ

Crew Time
Assumptions and Allocations

& Assumptions for Available Rescarch Crew Time (Hours Per Week)
U.S. Core ISS Core
s Complete complata* Fnhanced**
Total 0.0 0.0 160
Russia 0.8 .7 61.3
MNASA 0.8 1.7 613
R Europe o 206 205
Japan n 17 1313
€ canama us U5 37
s |GBI‘JR Allucalivn 8.8 6.0 55.2 l
g OBPR Alloc-atlon
(Raseid nn 40 total
- | hours) 174 13.9

* Based an current MO allocatwons which assume crew size of ) of crew s1ze remains at 3
tor an extended peryod, allocations may be renegotiated

0=

*+Total availahle 15 a rongh sstimate TTowrs per ageney are based on current WOTT

hl allocations which assume crow size of 7, if cnd state crow sizc is 6, allecations may be
renegotiated

155 Research Maximization and Prioritization lmpfamorﬂﬁnn

Upmass and Middeck Lockers -
Assumptions and Allocations

Azsumptions for Annnal Flight Rate to TSS

Configuration | Shullle Progress | Japanesa HII Europsan Ariane
Transfor Yehicle | Transfor Vehicle

S Core 4 4 0 0

Completo

[55 Clore 5 4 1 (for NASA use) | 05 (tar NASA use)

Complels

Enhanced 5 4 2 (far MASA use) | 0.8 (for NASA use)

+ LI Core Complete It assembly stops at Node 2, some upmass previolsly
dedicated far IP assembly elemeants can be used far research

+ |SS Core Complete & Enhanced

" 4 Ghuttle + 4 Pmgress needed tn keep 155 vehicle nperating and maintained - additinnal
shuttle fght assumed 1o provide researcn upmass

*" EUrQpe & Japan cortributs o hic costs of " common™ opcratons £ SUpport ar 1t
¥ Dath are developing vehicles to deliver supplies to 135 to use a3 the means of
“paying” for these obiigatons
> 1his assessment assumes E5A and MASDA TIght rates to meetthe cument estimate
ol Lheir utiligations
+ Current eshmates tor middeck lockers 15 Sishuttle fight - equates to 9 lockers per
increment for OB1HH resesarch

SO0V VU=
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REMAP Task Force Ranking - Draft 1
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SO=0oVOA OV

158 Research Maximization and Pricritization Impfementation

Crew Time Reqguirements
by Research Priority

Crew Time [(Hours per

155 Core Complete

118 Care Comnpletes

| ? ki 4 5 i Cammmercial
Priority Rank

e

L~

i85 Research Maximization and Prioritization Implementation

sO=mp0o0v0oan OO

Pressurized Upmass Requirements

by Research Priority

Upmass (bs per increment)

Pressurized Upmass (lbs per int

158 Coee Complede 2l Enhance - 5 Shuiile per Vear
TS Core Compleie - 4 Shoiile per Year

g

5

188 Cowe Compleie ol Enlanced - 4 Shoille pec Year

Priority Ranking

| OMominal Press O Wiable Press
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IS8 Research Maximization and Prioritization hmhmmﬁun

Powered Middeck Locker Requirements

SO O0OVOAN VW=

by Research Priority

Powered Middeck Lockers {no. per inct
pH
HW
2
04

Capahility (all confizurations)
a4
[
4 b :
T .. | :%
o E m Z’ﬂ  — A )
1 2 3 4 3 B Conmmenvial
Priority Rank
aNominal #LLS per incremend o Viable MLLs per increnend |
%

_©
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188 Research Maximization and Pricritization implementation

Example
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151 Privrily Mienatormg
S % o]

US Core Complete Scenario
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SO®ROVODN VU=

Example US Core Complete Scenario
ensitivity - 40 hrs | week Grew Time

151 Priority
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158 Research Maximization and Priorftization

Example ISS Core Complete Scenario
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i8S Research Maximization and Prioritization bnpknmn

Example ISS Core Complete Scenario
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i85 Research Maximization and Prioritization Implementation

SO0V VW=
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Considerations for the Task Force

This briefing highlights the implications that the prioritized research has on
critical ISS resources.

The task force may want to consider the following questions over the
course of this briefing:
= Given a slgnificant number of "Prioty 17 research areas, the taskrornte may want o consider

the extent to which these high priority research areas can be Turther stratified, given sclentirc
merit, Impact 10 broader CommuUnity, relcyance o NASA'S MIGSon, cic.

F LN NADAS commitmcnt [0 " Scicncc-dmyen decisions,” 15 ore amessage hat the task
force wants to scnd regarding e SCICNCe nequircments 1o be Icvicd on the 1, and he order
andfiaromerramec inwhich thosc reguirement should be addressed'

¥ UvCn the Scichct pronbcs, docs the sk rorce S gaps in OB plans tar rescarch
nartearc dovelopment?

F UIWEN noar term o constramnts, o sk force may want to congdoe it thore anc nescarch
arcas within the “Fnonty 17 ramiky that should take precedence, at cast for the near term.

* Nnes the task foree want tn make any statement regarding Internatinnal Parner capahilities
a3 they relate tn NAGRA's ahility tn address the science priorities?
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Appendix M: OBPR Implementation Analysis
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i8S Research Maximization and Prioritization Implementatio
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*

Acronym List

Back-up Gharts

Rationale for Lising ISS as Primary Research Platform
Current ISS Research in Flight Manifest
Integrated Requirements to Perform OBPR Research (2nd Privrily @ Viable)

aa

IS5 Research Maximization and Prioritization Irm.-'ommﬂﬂ‘on E

SO0=povoRN V-

AHET:
B
BTF:

Z AN
IR
COF:
ER.
LA
FCF:
FIR:
JER:
HHR
HRF:
IF.

[£553:
LEG:
MLE:

% [
SRR
M5
MELFI.
MASLIA;
DEPR:
WORF.

Acronyms

Achvanced Human Support Technology
Riological & Physical Research
Biotechnology Faciliny

Cenlriluge Accommodalions oduls
Caombustion Integrated Rack

Columbus Orbital Facility

EXPRESS Rack

European Space Agency

Fluids Combustion Faciling

Fluids Integrated Racl

Japanese Experiment Module

I'akitat |olding Rack

Human Rosearch Facility

Inlernational Partner

Internatonal Space Station

| ife Siciences Clovehoy

Middeclk Locker Equivalent

Memorandum of Understanding

hlaterials Science Research Rack
Microgravity Sciencos Glovebox

Minus Eighly Degree Lile Sciences Freessar
Mahonal Space Development Agency ot Japan
Office of Biological and Physical Rescarch
window Observational Facility 4
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Appendix M: OBPR Implementation Analysis
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IS8 Research Maximizstion and Prioritization Implementation

Rationale for Using ISS as Primary
Research Platform

Research Area Primany Heeds for Using 155
Crew fibervertion
e s a Lewyy Mhuation Repuetition al  |LangesdFailly M
Feseamh Suhjert Fiperimant Pupenimant
Hadaten Heakh - = - -
Inteprated il an System My sio LF {7 ETSE =/ = =f =
Rehawher & Par 0 ] [ [
Leall & Mcleaular Hiolegy/okeoular Structures 4 Interactions L L] LEL] L

Organismal/Cemparative Biology
Ewirwnesial ity & Gt
arfiranced LiTe SuppoT

Prase Transformation

am|s &

|Cordensed histter
Fundanmesital Laws
Finatics, Ansciure 8 TEnapot
Fluid Stabiity, Dynamies
Propulzion & Powe
[Cavalopmantal Blogy
Human Factors Engnasnng
Tire Safeiy
RnAural Brdugy Ol
Enmalgy Lonvarsion
Themmo-T togmcal, Mhy sie- Chemical
ClinicalDperatioral badicine
Friswehiciiar frThity
EFnAronmearial Haafh
Cuwcduticnary Diology
Cravgationsl Coology
el _srlenne & Tealie Fngnseenng
Coml: Hemode Sensing S MAONGMOUS Sy siems
Coml: Telecommunications
Corm i Thesemraal Sl
Comi: Powar Ganaraion, STorage & DEmnbukn
Comnl: Robotices & Stnectures
Cunl. Progutzamn
Comi”_Ain-Tarhnolngy u
Com: =

ami anced Matenals

e

V-

IS5 Research Maximizstion gnd Prioritization Implementation
sO0=9000R

Current ISS Research in Flight
Manifest*

Data for Increment O through 6

# Increment 4 is on orbit right now, ending June 2
¥ Increment B ends in Jan, 2003

A total of 48 Code U Investigations supported

(not all are complete with a number of subjects or test runs yet).

¥ Bar1/% - Commercial

B 23 or 8%  direcUy frorm, on indireclly supporl Prionily 1 Research Aroas
¥ 3 or 6% - from Priofny 2 Research Areas

B Door 10% - from Prionty 3 Research Areas

= 2 or 4% - from Priority 4 Rescarch Arcas

5 1 or 15'% trom the 18D area

* Represents first order mapping of P iree stigations to research area "boxes”
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